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INTRODUCTION
The trends like 5G, cognitive networks, big data, optical networks, green communications, terahertz band telecommunication systems, transportation and distribution networks for mobile communication etc. [1] [2] [3] [4] prevail among the presentday trends of development in data communications.
Development of a great part of wireless communication devices within the frameworks of the above trends is performed on the basis of the SDR -SoftwareDefined Radio -concept [5] . The networking devices for GSM, UMTS, Wi-Fi, WiMAX etc. are well-known current examples of realization of the SDR concept.
It has to be mentioned that the spheres of the Wi-Fi technology applications are developed rather actively; in so doing the Wi-Fi network devices are capable of operating both in the access point mode to provide for covering a certain area and in the mode of signal re-transmission within the mesh-network. It allows deployment of full-scale info telecommunication networks.
SETTING OF THE PROBLEM
The mission of any telecommunication system is to attain high bitrates and required reliability of data transmission within the framework of the resources allocated for the telecommunication channels. Applying to the multiposition modulation modes and noise-proof coding [5] is one of the known methods for realization of the above mission. A combination of a certain mode of the multi-position modulation and a noise-proof coding with the predetermined noise-proof parameters is called the 'signalcode sequence' (SCS) [6] .
If a telecommunication apparatus selects the respective SCS structure automatically according to the relevant program or algorithm, then the device is to be considered as the one that meets the SDR concept criteria. This paper relates to description of the criteria and algorithms, which are expedient for that purpose, and to realization of the concept for development of the terahertz band Wi-Fi-based softwaredefined radio systems.
SIGNAL AND SIGNAL-CODE SEQUENCES
Modern telecommunication systems apply multiple kinds of signal sequences, and, at the same time, selection of a specific signal sequence has to be selected for use beforehand, or based on the algorithm for dynamic selection of the signal sequence type on the basis of certain criteria.
The problem of selection of the optimal SCS is important for attaining maximal data transmission rate with satisfying the required condition of data transmission trustworthiness in the given channel and within the resources allocated for the telecommunication channel. At the same time there remain optimal the comparison of the optimal SCS with those recommended in the Wi-Fi specifications, and performing estimation of reasonability while selecting this or that SCS.
As it is proved by examining the Wi-Fi apparatus available at the telecommunications market, the manufacturers do not disclose the algorithms and criteria applied to selection of the signal sequence type realized in their devices. Therefore, it is difficult to determine how reasonable and how efficient are the methods used at selection of the signal sequence type for the said apparatus. In this respect, it is suggested to use the following two methods for selection of the signal sequence type. Method 1. Selection of the signal sequence type at the telecommunication channel transmission end (Fig. 1) is performed based on the fact of maximal throughput while using a certain modulation mode and the known value of the signal-to-noise ratio at the receiver end input [7] .
FIG. 1:
Functional diagram of the telecommunication channel [7] The analytically calculated values of the telecommunication channel throughput for different multiposition modulation modes are provided in Fig. 2 .
According to Fig. 2 and based on the set of modulations as follows BPSK, QPSK, PSK-8, PSK-16, QAM-16, QAM-64, it would be reasonable to apply the following modulation modes under the criterion of maximal throughput depending upon the ratio between the signal power level and the spectral noise power in the point of reception (Table 1) : 
FIG. 2:
Dependence of the telecommunication channel throughput upon the signal-to-noise ratio for various modes of the multiposition modulation [7] Method 2. The basis of this method for selection of the signal sequence type is formed by the problem set with the purpose of attaining maximal efficiency of the telecommunication channel after estimation of the value of the ratio between the power of the signal and spectral power of noise at the receiver input [8] .
Efficiency of the telecommunication channel is an informational characteristic of the channel that characterizes the specific volume of data capable of being transmitted via the telecommunication channel during an interval of time under the determined spectral and power characteristics of the channel. This method for selection of the modulation mode might be used in an adaptive data communication system, for example, when the multiposition modulation modes of QPSK, PSK-8, PSK-16, PSK-32, PSK-64, QAM-16, QAM-64, QAM-128, QAM-256 (Fig. 3) are applied.
Combination of the multiposition modulation with the efficient noise-proof coding allows creation of the signal-code sequences (SCS) acting as a perfect tool for attaining basic objectives of the wireless telecommunication systems using multiposition signals: maintaining of high rates of data transmission and providing for the required noise-proof parameters [6] .
Noise-proof coding on the basis of the low density parity check (LDPC) codes is, as the means for enhancing trustworthiness of the transmitted data, one of the most efficient and promising types of the noise-proof coding due to its high rate of encoding/decoding at the expense of a large code word length at the preset correction properties [9] [10] [11] [12] (Fig. 4) .
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To estimate the efficiency of selection of the SCS it is suggested to apply the efficiency scale to using of the telecommunication channel resources, where the efficiency parameters are the following: the power one β, the frequency one γ and the informational one η (Fig. 5 ) [13] . The studies demonstrated that using of SCS provides for a significant gain as compared to the case of using a lower-level modulation without noise-proof coding. It is also recommended to use the method of OFDM frequency resource distribution [6] , which assists in providing for a more efficient distribution of the access to the telecommunication channel resources, operating, at the same time, under the conditions of multibeam propagation.
FIG. 5:
The efficiency scale of using of the telecommunication channel resources [13] As it is evident from reviewing products of the world leading manufacturers of Wi-Fi telecommunications equipment, for example, Mikrotik [14] or Ubiquity [15] the equipment specification contains no description of the methods for adaptive switching between the modulation modes and the noise-proof coding parameters, nor they provide conditions for performing same kind of switching between the SCS types. However, IEEE 802.11а/n specifications contain recommendations with respect of the signal levels at which there must be performed switching between various SCS types based on the values of the signal strength at the receiver input (see Table 2 ) [16] .
At the same time, the criterion of sensitivity at the input of the receiver is not always reasonable for it does not consider the value of noise in the channel and, correspondingly -the value of the signal-to-noise ratio. Therefore, using the signal strength at the receiver input parameter only might result in the situation when the signal-to-noise ratio would be small at a significant level of noise that might cause impossibility of transmission at the set type of SCS. Selection of a more suitable type of SCS would be successful due to the possibilities provided by monitoring of the channel quality using the transceiver with SDR that finally influences upon selection of the acceptable type of SCS.
Some standards and manufacturers recommend using the parameter of the signalto-noise ratio. As an example, Cisco and 802.11а [17] set out that provision of a certain transmission rate is possible at the specified value of the signal-to-noise ratio at the input of the receiver, and it is not worse than the rate provided in Table 2 : Therefore, the problem of selecting an optimal type of SCS is extremely important because it determines the informational traffic rate along with fulfilling the requirements set to trustworthiness of the transmitted data and to the efficiency of using the resources allocated for the telecommunication channel. On the other hand, unless the equipment manufacturers describe the methods and conditions for SCS shaping they refer to IEEE 802.11а/n specifications, which provide for the required SCS parameters [18, 19] .
EXAMPLE OF THE SDR CONCEPT IMPLEMENTATION IN CLOSE-RANGE AND MEDIUM-RANGE POINT-TO-POINT WI-FI SYSTEMS
The analysis of the market of main manufacturers of various-purpose Wi-Fi equipment (point-to-point, point-to-multipoint, with different transmission ranges and broad setting opportunities) allows distinguishing the manufacturers like Mikrotik [14] and Ubiquity [15] . In this paper we shall consider the equipment manufactured by Mikrotik, which we managed to test both in vitro and in vivo.
For example, technical specifications to the Router Board 52n-M mini PCI Network Adapter manufactured by Mikrotik set out that the supported physical data transmission rate is attained at 300 Mbps, and the upstream transmission rate comprises 200 Mbps. The RouterBOARD R52n-М MiniPCI transceiver supports basic IEEE 802.11а/n specifications /b/g/n within the 2 GHz and 5 GHz bandwidths and the array of modulation modes BPSK, QPSK, 16 QAM, 64QAM for the OFDM subcarriers.
Apparently, the aforementioned data transmission rates are attained at the modulation mode of the highest level among the mentioned above -QAM-64. At the same time, it is stated, which parameters of the noise-proof coding are applied: 1/2, 2/3, 3/4, 5/6. The parameters and criterion for selection of the noise-proof code are not indicated.
It is also provided the table containing the transmission rates and power levels of the signal fed to the receiver (Table 3) , which supports the transmission rate as stated above. At the same time, it is not provided any consideration for the factor of the effect of the noise upon the payload signal and the signal-to-noise ratio value properly, which ratio is to determine the multiposition modulation mode and the type of the noise-proof coding required for supporting the necessary trustworthiness of data transmission. Due to applying the SDR concept, the R52n-M device can be configured for operation in the following modes: point of access and point-to-point mode. The point of access mode provides the users with the access to the web resources by establishing a connection to the point of access. The point-to-point mode is used for connection of single-level devices. It allows deployment of radio relay links for connection of the network objects and transmission of data for much longer ranges than those attainable in the point of access mode of operation.
The basis of the R52n-M module is formed by PLD AR9220 manufactured by Atheros. In accordance with the SDR concept it is capable of performing all the relevant functions of signal shaping and processing: OFDM, SCS, supporting the bitrates of up to 130 Mbps in 20 MHz band, and up to 300 Mbps in 40 MHz band, along with the bitrates set out in IEEE 802.11а/b/g specifications. 
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Testing of the telecommunication line was performed on the basis of the MikroTik RouterBOARD SXT lite5 (5nDr2) equipment -an efficient point of access under IEEE 802.11а/n specifications in 5GHz band. The embedded 16 dBi antenna allows creating high-QoS communication with the channel speed of up to 300 Mbps for short ranges. Block diagram of the testing stand is provided in Fig. 7 .
As the result of the testing it was attained the rate of 10 Mbps at the range of 1.7 km. At comparing the obtained values of the transmission rate with IEEE 802.11а specifications, it is determined that the attained bitrate of 10 Mbps at the signal strength of -85 dBm and the signal-to-noise ratio of 25 dB at the receiver input are fully compliant with the values recommended by the specifications.
AN EXAMPLE OF REALIZATION OF THE SDR CONCEPT IN THE TERAHERTZ BAND TELECOMMUNICATION SYSTEM ON THE BASIS OF THE WI-FI TECHNOLOGY
The G1 gigabit modem that can be used for connection of area separated segments of Ethernet 10/100/1000-BaseTx [21] [22] networks was developed in order to realize the SDR concept in the terahertz band telecommunication system on the basis of the Wi-Fi technology. Block diagram of the G1 gigabit modem is represented in Figure 8 .
FIG. 8: Block diagram of the gigabit modem
Main components of the gigabit modem (Fig. 9 ) include channel routers 1 and 2, along with the group router. Incoming traffic is automatically distributed to all channels and subsequently processed in order to shape the radio frequency spectrum within the radio relay channel throughput bandwidth.
The G1 gigabit modem (Fig. 9 ) is performed in a metal case and allows rack mount or desktop positioning.
FIG. 9: Photographic image of test specimen of the G1 gigabit modem
Control over each of the two channel routers is performed with the help of the Winbox utility -connectors X3, Х5 "CONTROL MODEM" (Fig. 8) . Testing of the data transmission rate can also be executed with the help of the Winbox utility (Fig. 10) .
The intermediate frequency signal is supplied from the channel routers to the output via the X1 connector (Fig. 8) Main technical specifications of the modem are provided in Table 4 . The results of testing speed characteristics of the G1 gigabit modem are provided in Table 5 . The modem applies the "dual nstreme" mode on the basis of Mikrotik equipment. In this mode two R52n-M receivers -one for reception and the other for transmission -are used to deploy a duplex radio channel. In order to attain aggregate channel bitrate of 1.2 Gbps it is suggested to use four duplex channels with 150 Mbps downstream and upstream. While shaping the dual nstreme channels, which are necessary for deployment of duplex channels and increasing efficiency of each of the channels concerned, there are applied the Mikrotik RB800 routers with four mini-PCI slots with the installed Mikrotik R52n-M transceivers. Access to each of the radio channels is provided by a separate Ethernet interface of the RB800 router.
The Mikrotik RB1100Hx2 router capable of providing a common interface for external connection is used for joining all the channels together. This configuration of the modem provides for high efficiency and performance of the declared characteristics maintaining at that relatively low costs of the gigabit modem structure. It is also possible to increase the channel bitrate of the gigabit modem up to 1.2 Gbps both downstream and upstream if the number of sets of the RB800 routers and Mikrotik R52n-M transceivers [24] is doubled.
To provide for outside transmission of the aggregated channel with the bitrate of 600 Mbps, the RB750 group router has to be replaced with the router having the throughput capacity of 1 Gbps and more, for example, with RB 450G or RB1100Hx2 that is envisaged by the modem design. The 130…134 GHz gigabit telecommunication system based on the Wi-Fi technology tested in vitro on the experimental equipment with attaining of the channel bitrate of up to 1.2 Gbps is suggested with using the G1 gigabit modem with the installed Mikrotik R52n-M transceivers and the developed transmitting and receiving paths [25] with application of the Wi-Fi technology.
CONCLUSIONS
1. The principles of the signal-code sequences (SCS) shaping are considered for modern infocommunication systems. The methods and new technological solutions are suggested for selection of the type of signal sequence to provide for the best throughput and efficiency parameters in the telecommunication channel of wireless data transmission systems where the performance is determined by the signal-to-noise ratio at the input of the receiver. 2. It is demonstrated a gain in using the telecommunication channel resources while using SCS based on the higher order signal sequences and efficient noise-proof LDPC block codes. There are considered SCS along with the parameters and criteria recommended by IEEE 802.11а/n specifications for selection of the SCS, and namely -the signal strength at the input of the receiver. It is suggested the parameter for the efficiency of using the resources while performing the SCS selection, and namely -the informational efficiency parameter showing the efficiency of using such resources of the telecommunication channel like the power one, the frequency one and the temporal one. 3 . The telecommunication line was tested to the range of 1.7 km with the help of MikroTik equipment. There were determined the SCS that were automatically selected by SDR for data transmission between the transceivers. It was determined that judging upon the signal level at the input of the receiver, types of the SCS and the obtained data transmission rate, the SDR using the MikroTik R52n-M equipment is fully compliant with the recommendations provided in IEEE 802.11а/n specifications. 4. The suggested terahertz band telecommunication system is an example of the technological solution uncovering the huge potential of IEEE 802.11n protocol. Due to transition into the terahertz band of frequencies from 100 GHz and up it is obtained an opportunity to use a broad band of frequencies to transmit the data traffic of the order of hundreds MHz and GHz and finally -to attain super high data transmission rates. On the basis of the equipment by MikroTik it was suggested a Wi-Fi-based gigabit data transmission system in the 130…134 GHz bandwidth of the terahertz band. The system was tested in vitro where it attained the channel transmission rate of up to 1.2 Gbps. It is demonstrated that the above telecommunication system realizing the concept for creation of a Wi-Fi-based software-defined radio systems can be used with high efficiency in transportation and distribution networks for the coming generation mobile communication networks providing for the required data transmission rates, reliability and protection.
